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SUiaAdiY 


This report nresents results of flight tests conducted at 
the NACA Pilotless Aircraft Test Station at Wallops Island, Va., 
to determine the zero-lift drag of an MCA 65-009 airfo:! of aspect 
ratio 2.7 sveptforward The data v,’ere obtained by tracking 

rocket-propelled winged bodies moving at supersonic speeds. A 
comparison is made between the results of similar bests of an 
unswept and a 3^® swept-back arrangement of a previous report, 
liR No. L6E17^and of this report. The test results show that for 
the comparable Mach number range investigated (M ~ 0.9 - 1.50) 
both the swept-forward and swept-back airfoils produced lower 
values of zero-lift drag than the unswept airfoil. At Mach numbers 
bebween 1.0 and 1.3, the drag of the swept-back wing was about 
50 oei’cent and that of the swept-forward v/irig about 65 percent 
of the drag of the unswept wing. 


INTRODUCTION 


It is well established that the aerodynamic characteristics 
of wings in the Proximity of sonic velocity could be considerably 
improved by the use of plan forms having suitable sweep angle. The 
effecbs of sv/eenback have been experimentally verified by various 
means such aa the investigation of reference 1 in which the results 
of supersonic flight t^sts of swept-back airfoils have been presented. 
Recently, however, from practical considerations such as improved 
lateral stability and stalling characteristics, more than usual 
interest has been exhibited regarding the use of sv/ept- forward 
wings for high-speed flight. To obtain information relative to the 
drag of swept-forward wings at supersonic speeds, tests are being 
conducted at the NACA. Pilotless /-.ircraft Test Station at 
/•allops Island, Va., of rocket-propelled bodies carrying wings of 
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various sweep-forward anpics and aspect ratios. This report presents 
the results of drap tests of a swept-forwerd NACA 65 -OO 9 air- 
foil of asrect ratio 2. 7* This aspect ratio is based on the total 
wing snap and area including that portion enclosed by the tody. 

For comparison, the results of the unswept and sweot-back air- 
foils of equal asoect ratio, oresented in reference 1, are included. 

BODY AND TESTS 


Body 


A photograph of the test bodj’' equipped with the 3^1° sv«ept- 
for?/ard airfoil is presented in figure 1 and the gereral body 
arrangeBient is shovfn in figure 2. The uirfoil was mounted on the 
fuselage at zero angle of attack with the niidsemispan quarter- 
chord point at the same longitudinal station as the design center 
of gravity. The NACA 6l;-009 airfoil (chord normal to leading edge) 
had neither taper, twist, nor dihedral. The unswept and swept- 
back configurations of reference 1, presented in figure 3 , differed 
from the swept-f orward arrangenient only in vnng clan form and 
location. IVvo test bodies of each configuration were fired 
under similar atmospheric conditions, and the results averaged in 
the evaluation of the data. 

All the test bodies were Propelled by 3»25-iu<;h diameter 
!ferk 7 aircraft rocket motors enclosed within the bodies. At a 
preignition temperature of 69 '^ F, the rocket motor provided about 
2200 pounds of thrust for approximately 0.87 second. 


Tests 

The 5 * 4 '^ sv.ect- forward tost body, as well a? the bodies of 
reference 1, were launched at an elevation tingle of 75'^ to the 
horizontal. Because of the high elevation angle and the short 
burning duration of the rocket motor, the trajectory of the bodies 
during their supersoriic coasting flight, after the propell.int was 
expended, was approximately a straight line. The flight velocity 
was measured during this coasting period by means of a C. iV. Dcopler 
radar set (A?t/t^S- 5) located at the point of launching. 


RESULTS ibYD DISCUSSION 


The variation of velocity with time for one of the 314 .*^ 
swppt-fonvard models, as measured v/ith the radar unit, is presented 
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in figure !;• The negligibl-i: :;mount of scatter indicates consistent 
data. The oortion of the velocity curve during which the tody was 
coasting (after the end of burning) was graphically di fferentiated 
to obtain the deceleration. The prodr.ct of the deceleration and the 
known body mass was equated to the sum of the drag and the knowoi 
weight of the body. The values of the drag thus obtained are presented 
in figipe 5 a function of the flight velocity for both models of 
the 3 a*'' swopt-f erward arrangement. A single resultant drat: curve 
was faired through these points. Although the scatter of the velocity- 
tine curve has been greatly magrified by its dlf ferentiati on, the 
curve is satisfactorily determired, the average scahter of the 
experimental pcints from the faired curve being about i3 percent. 

From the drag curve of figure 5^ the total drag coefficient of 
the body with the 3l4-^ sv;ept-f erward airfoil has been computed and 
is nres6'"ted in figure 6(a' piott^^d ar^airiSt Mach number. The wing 
drag coeff icie^.'t, derived by graphically taking the numerical 
difference betiA?een the \vinged body and one identical to it, but 
wn t heut Vv^i ng s , is ore sente d in f i gur e 6( b ^ • E'er c omrar i s on , 
the drfig-“Coef ricient ciu’ves for the test bodies with the unswent 
and 34^^ swept-back airfoils of reference 1 are imluded. The values 
of wdng drag determined by the above method include v/ing- fuselage 
interference effects. The drag coefficients were basod on the constant 
ex'oosr-d whig plan -form area of 200 square inches. Exairilnatior of 
the figure reveals that for the Ma'**h number range investigated, 
the drag of either s'wept wing was less than that of the unswept 
wing. This effect v/as more pronounced for the case of the sweot- 
back wing. The drag of the sw'ept-back wing was about 50 percent 
and that of the s*vent-f orward vh.ng about 65 Percent of the drag of 
the imsw'ent wirg. Aside from any differences in tip drag, part 
of the increase in the drag of the sweet- f or W'.rd wing over that of 
the swept-buck one can be attributed to differences in l‘low in the 
v/ing-fuselage juncture; this flow being largely a function of 
the sweep angle and direction. 


COPCLUDIVG PEMARKS 


The results of supersonic flight tests to determine the dra^ 
of a 34'^ sweet- forward NaCA 65-009 airfoil of aspect ratio 2.7 
mounted on a rocket-propelled body have been nresented herein. 

The drag coefficients of an on swept and a 34^ swept-back airfoil of 
equal aspect ratio obtained in an identical f*ashion have also been 
included as a basis for comparison. Between Mach numbers of 1.0 
and 1,5, the drag of the swept-back 'vving 'was about 50 percent and 
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that, of the swept -forward wing about 65 percent of the drag of the 
unswept wing. 
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Figure 1.- 


The test body with 34° swept- forward wing of aspect 

ratio 2.7. 
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Figure 3(a).- The test body with unswept wing of aspect ratio 2. 

(reference 1), 
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Fig. 3b 



Figure 3(b).- 


CONFIDENTIAL 



The test body with 34° swept-back wing of aspect 
ratio 2.7 (reference 1). 
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T/mt? ^ jc>c 

■■ \/(f/oc//y-f//?7if c‘6/ri/(F ■ Hfsf body w/fh J4‘^ jW(?pbfonA/ard w/nyj of 
ajpd>cf rafo Z.7. 


NACA RM No. L6I11 Fig. 4 




V<f’/oc//'y ^ f/y(sec 

F/yar^? 5 Corpora dray /?7^aJar<Frr?r>r?fs of fwo /dorfca/ /rode/ arr-ar)yer?e/7/-s 
fc/v/ryy 34° s/yepf- for ward w/z/ys of aspecf rafio 2.7 
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Fig. 6 
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(a) Total drag coefficient . 
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Mach number ^ Ilf 
(b) Wmg drag coefficient . 

M/gure 6 .- Drag coefficient cun/es of an MACA 69-009 
airfoil of aspect, ratio Z.7 mounted on a test body . 





